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ABSTRACT 

S toichianetric 50:50 Ni~Zn ferrite was prepared 
following usual ceramic methods. Titanium, Zirconium and 
Niobium were doped in four percentages each in the base 
ferrite taking them in sulphuric acid medium. The mixtures 
were fired once at 800°C for 1 hour to dissociate the raw 
materials and finally at 1250°C for 4 hours to complete 
f erritization . The accurate lattice parameters of the samples 
were determined by point count method using Nelson Riley 
function. Densities of the samples were determined by 
pycnometer using vacuum and Toluene as liquid. The magnetic 
saturation moments were measured in vibrating magnetometer at 
a maximum field of 6.5 K.Oes. The base ferrite had density 

O 

5 .2576 gms/ml, lattice parameter 8.3975 A (siefert, Germany) 

O 

and 8.3936 A (XRD 5, England) and magnetic saturation moment, 
71.44 emu/gm. 

Titanium doped samples showed a sharp fall in lattice 

parameter upto 0.0240 mole fraction with monotonic increase 

afterwards but with decreased solubility (upto 0.4217 mole 

fraction). The densities followed just the reverse nature. 

/ 4+ 

Zirconium and Niobium were slightly soluble (Zr 

■ 54 - 

upto 0.0886 mole fraction, Nb upto 0.0012 mole fraction) 
in Ni-Zn ferrite as is reflected from the constancy of the 

O' ■ ■■ ' , ■ ■ "'O''. 

lattice parameter values (at 8.399 A for Zr and 8.398 A 



for Nb). The densities initially decreased upto 5.1377 

gms/ml ■ for Zr at 0.0231 mole fraction and 5 -.0110 gms/ml. 

unexpectedly 

for Nb, For Zirconium, the density then suddenly increased ^ 

and flattened off. For Niobium the gradual increase in density 

was explained to be due to its change in valency state, 

All the dopants showed same nature of variation in 

magnetic saturation manent values. Initial sharp drop was 

followed by slight increase, flattenning and drop off. Tfie 

initial drop was sharpest for Zirconium followed by Niobium 

and Titanium. The latter drop was sharpest for Ti upto 47.23 

emu/gm at 0.4217 mole fraction. For Zirconium, the value was 

53.88 emu/gm at 0.36 96 mole fraction and for Niobium, 53.46 

emu/gm at 0.0188 mole fraction. 

These behaviours were , 4 s 3 l'’e considering the 

3+ 

dopant ions going into the B site replacing one Fe and 

2 * 4 ^ 2 

one fourth c£ Ni and Zn each. At higher percentages, due 
to immiscibility of the dopant ions# mixture rule was applied 
and it could explain the changes well. Ti ion (0.61 A) 

A O I" O 

showed highest solubility than Zr (0.72 A) and Nb (0.64 A). 



Chapter 1 


INTRODUCTION 


Ferrites are ceramic magnetic materials. Although 

they are inferior to those cf magnetic metals or alloys in 

sane respect at low frequencies, they are widely used in 

telecommunication industries due to their considerably high 

permeabilities at higher frequencies and low electrical 

conductivity leading to very low losses,. Ni-Zn ferrites are 

among the most common ferrites which are categorised as soft 

ferrites due to their soft magnetic behaviour. These are 

designed for very high frequency operations to more than 

100 MHz. Initial permeabilities are about 10 to 4000 . 

and coercivities are several oersteds. The Ni-Zn ferrites 

9 

have very high resistivity of about 10 ohm-cm under best 
1 

conditions. 

The ferrites are f errimagnetic oxides with a spinel 
structure, the general formula c£ which is O^” where 

A denotes tetrahedral and B denotes octali-edral sites. The 

structure is of two types, viz., (a) normal and (b) inverse 

2 - 

spinel. In both the structures 32 0 ions form the unit 
cell where they are arranged in a cubic close packed array 
forming 64 tetrahedral and 32 octahedral sites. Among these 
only 16 octahedral and 8 tetrahedral holes are filled up by 
cations. In case of normal spinels the divalent cations 



2 


occupy the tetrahedral sites (A) and trivalent cations, the 
octahedral sites (B), but in inverse spinels the tetrahedral 
holes are occupied by the half of the trivalent cations 

the renftcnir\m3 

whereas the octahedral holes are occupied by^half c£ the rest 
trivalent cations together with the divalent cations. In 
fact, crystals having inverse Spinel structure show magnetic 
behaviour. Ihis is due to the mutual canCellaticn of the 
magnetic mcments of trivalent cations at the tetr^edral and 
octahedral sites which are opposite in direction and the net 
mcment is due to the magnetic moment of the cations in the 
octahedral site. 

2 , 2 -4- 

As Ni and 2n ' have similar physical and chemical 
thaa 

properties# ^can re pi .ace each other# This is verified by the 
24- 

X-ray data, Ni has a strong preference for B sites whereas 

2-1- 

2n almost exclusively selects A position causing several 

2 

properties to be the function g£ Zinc content. 

The site preferences of these transition metal ions 
in oxide form can be explained by two theories, Dunitc and 

■ , 3 

Orgel used crystal field theory concept which Is based on 

4 

purely ionic type bonding* Blasse used a simplified m-olecular 

orbital approach taking into account the covalent bonding 

between oxygen and these cations. Both these theories 

5 6 7 9 

predict tetrah.edral sit© preferences for d , d , d , d .and 

I'O 34 ■ 

•d ions and octahedral for Cr but n© -agreement is found 

f.or Mi^'*'. 



3 


The fact that Zn ion hat, a strong- preference cf 

tetrahedral site is taken help of to improve several properties 

of Ni-ferrite., When Zn''"^ ion is added to Ni-f errite it goes 

3+ 

to the tetrahedral sites replacing Fe ion which occupies 

2 + 

the octahedral site.. Thus as more and more Zn is added to 
the Ni-ferrite more will be the imbalance between the eamounts 
of Fe'^'^ in tetrahedral and in octahedral sites and the 
magnetic mament of the structure will increase accordingly, 
^^igure l(a)J|. However, the addition of more than 50 mole % 

Zinc in Ni-ferrite reduces the net magnetic monent from the 
peak value as the AB interaction is overcome by 3B anti- 

5 

parallel interaction . So from magnetic saturation point of 
view this catiposition is very important. 

One of the most important properties of ferrites is 
magnetic anisotropy which strongly control the magnetic 
properties of these materials. The anisotropy constant varies 
fron one material to another and hence with the chemical 
composition of the’ material . It is also dependent upon 
temperature. Two important factors regarding this are crystal 
structure and type of magnetic materials. 

Another factor which plays an Important role is the 
partial pressure of oxygen at the time of sintering and 
cooling. The oxygen partial pressure affects the magnetic 
properties in two ways, (a) in reducing condition and (b) 
in oxidising condition. In case a dopant of valency higher 
than 3+, is introduced in the ferrite structure, the effect of 
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reducing atmosphere is to reduce tne oxidation state of 

2 ^ 

to Fe for maintaining charge balance. The effect of 

oxidising atinosphere is to replace any cation to balance the 
3+ 2+ 

charge as Fe cannot transfom to Fe in such a case. These 
changes lead to change . in anisotropy constants^ magnetic 
saturation values etc . 

The change in magnetic properties viz., magnetic 
saturation value, disaccommodation coefficient, Q-f actor etc. 
of Mn-Zn-f errite was studied by C. O'Hara^ et.al. by changing 
the oxygen partial pressure and temperature of firing. They 
got best magnetic properties when the ccmposition was close 

7 

to stoichiometric composition. Slick and Blassches found 
that the decrease of atmospheric oxygen content or increase 
in sintering temperature results in an weight loss due to 
sublimation of Zinc oxide in Mn-Zn-f errite . This leads to 
the use of packing material while firing the Zinc containing 
ferrite samples to maintain the partial pressure of oxygen in 
the system at the desired level. 

Substantial amount of work has been done on the 
ferrites particularly on Mn-Zn ferrites and Ni-Zn-ferrites 
due to their high industrial demands . A considerable amount 
of work has been done on the effect of dopants on the ferrites. 

o'* 

The effect of Co on magnetite has been described by 
Slonczewski and Bitchf ord ' et .al. 

A good deal of work has been done on the effect of 
additives of different transition metal ions, such as Indium, 
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scandium, alkali and alkaline earths. Copper, different rare 

8 

earths and also on other additives. 

9 

Tebble and Craik reported following Gorter and 

densities 

Brokman that the bulk and sintered / of Ni-^n^f errites 

2 + 

increase as percentage of Zn is increased. According to 

the authors, the initial permeability increases as sintered 

density increases but Curie temperature shows opposite behaviour. 

Sane work has been done so far on the effect of 

Titanium specially on Ni-Zn-f errite . Gorter^*^ reported the 
4+ 

effect of Ti on Ni-ferrites and Ni-3n-f errite His range 

of composition was from NiFe^O. to Ni. j.FeTi_ _0, and 

2 4 1.5 O'* 5 4 

Ni^ ^FeTi^ 1 - 0 ^ to NiZn^ ^FeTi^ in which percentage of 

Titanium was fixed. He did not draw any firm conclusion 

4+ 11 

regarding the position of Ti in the lattice, stinges 

A „ I 

et.al. substituted Ti in Mn-Zn-f errite and have seen the 


effect on permeability and electrical conductivity. He found 

3 - 4 * 2 - 4 - 

that replacing 2Fe by Ti + Fe in octahedral site of the 
ferrite results a strong temperature dependent positive 
contribution to the magnetic anisotropy. This was done under 


reducing condition. Syono, in magnetite, found for larger 

4; L S 

amount c£ Ti " , the ahisotropy to become larger than 10 

2 + 

ergs/cc . This is ascribed to Fe in A site. Accorx3ing to 
• " ■ ■ 2 + 

Banerjee et.al. Fe ions occupy tetrahedral sites for most 


part of the solid solution series 

4j. 

large anisotropy. Hoene, in Fe^O^/ found that Ti 

12 

shifted the Curie point to lower t^perature. 


and cause 
d oping 
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, According to Knowles t^e effect of quadrivalent 

4 2 -I- 

■ 'Ti . is to localise a Fe ion so incr:easing the resistivity 

■ and dat^reasing ttiq- loss .in Mn-Zn-f errite . He also expected 

4+ 

the same behaviour frqn Sn but seme of the effects due to 
1 ,,:tdis ion is ;in. intermediete between those of ferrites substi- 

44 . 

- tuted with -Ti , , and unspbstitu ted; ferrites and seme is 
.ancmalous. ,.,It was, concluded that the differences in behaviour 
be tween.. ferrites . sub st.l tuted with Sn and Ti originate in the 

4 I 

■istger , sise.,pf the- Sn , ion. 

14 3+ 

: . .Blasse., .in his well known work substituted Fe in 

'Me^*Fe 2 "*' 0 _^. by various ; cations of valencies ranging from 2 + to 

5+ and studied magnetic properties of those substituted 

3 2 ‘ 2 

.ferrites. He, repotted the, replacement of Fe as ’ + 

1 B *4- 2 4~ 2-1- o I 

'•^Sb, , in his, paper.' .He used Ni ,, Mg , Co apd mixtures of 

n j- o 

them, .as Me . . He, could dissolve Sb (r = 0.62 A) upto 0.67 

mole-fraction in. these, ferrites but was unable to dissolve 

'S I ' ^ !3 

Nd,- ... (r ,= , 0.6 9 A,),, which has larger .ionic radius than Sb 

'Hei ex^plained,, this insolubility to, be due to absence of ■ 

■ 5+ 

cati,pn“Q,ati on, .bonding in case of i Nb . In the same paper he 

postulated , tine replacement Qf^ F.e^^ f ran octahedral sites by 
4+ 

Ti in Mg-, .Co- and Li-ferrites, .but in case of Ni-ferrite 

the partial substitution efr is .possible frem tetrahedral 

' . 15 ■ V ' ' ' " " ' ' ' 4+ • 

.position. According to Gorter, the possibility of Ti 

to replace Fe^"^ is more in B site in case of NiZn^ ^FeTi^ / 
...the c.an,position. discussed earlier.' 
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The lattice constant o£ rti-ixed ferrites are mostly 
found in good approximation by linear interpolation of the 
lattice constants of the constituent simple ferrites. In 

xs 

case c£ Ni-Zn-f errites the value were studied by Guillaud 

for the whole range of the mixture. Later this was verified 

17 1 8 

by Kedesky et.al. and this value was adopted by A.S.T.M, 

19 

iMurthy et.al, again studied the lattice parameter of these 
ferrites as a function of 2n along with magnetic suscepti- 
bilities and magnetic moments. 

Saturation magnetization is one among the important 
properties of soft ferrites. Gorter made the extensive report^*^ 
on this subject first and has been considered as the authority 
in this area. He showed the discrepancy in the magnetic 
saturation moment between theoretical and practical values 
and brought out a clear picture of it. Later on, a large 
number of workers have done several experiments on this 
property with or without any temperature variation. 
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Chapter 2 

PRESENTATION OF THE PROBLEM 


High valence cations when substituted in ferrite^ is 

expected to cause either cation vacancies or convert Fe^”*” to 

Fe in spinel model depending on whether the atmosphere of 

f erritisation is oxidising or reducing. In either case there 

will be density changes (lattice density of powder) in the 

nnaterial which can be ccmpared with accurately measured 

powdered densities to check the validity of the model. ! 

Depending on the vacancy (vacant Fe^"^ site positions) 

the magnetic moment of the lattice will be influenced. 

Estimates of magnetic saturation moment may be made on the 

basis of site occupancy and ccmpared with measured values of 

magnetic- saturation moment by magnetometer. 

We have chosen a composition of 50:50 Ni-3n-f errite 

which posses maximum value of magnetic saturation moment (M ) . 

s 

For this composition it was decided to do the f ollowing: 

a) the measurement of lattice parameter, 

b) the measurement of pycnometric density and to compare the exipcrimen 

attice density with »on the basis of suitable site 

occupancy models due to addition of different dopants , and 
o) measurement of the saturation magnetic moment by magneto‘s 
meter and to explain its behavioup on the basis of proposed 
site occupancy model. 
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'4r-4” 5 + 

The dopants used were Ti , Zr and Nb which have 

2 + 2 + 3 + 

ionic radii close to that of Ni , Zn and Fe so that they- 
can Substitute foris from the base Ni-Zri-f errite . 
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Chapter 3 

EXPERIMENTAL METHOD 


3.1. Raw Materials 

The raw materials used for preparation of Ni-Zn- 
ferrite and corresponding dopants are noted below. 



Raw materials 

Grade 

iMaker 


a) 

Nickel carbonate hydroxide 

A.R. 

Thomson and 

Baker 


(NiCO^, 2Ni(OH)2, 4 H 2 O) 


Co. Ltd . 


b) 

Iron oxide (Fe 202 ) 

A . R . 

Thomson and 
Co. Ltd. 

Baker 

• 

c ) 

Zinc oxide (ZnO) ' 

A.R. 

May and Baker Ltd 

d) 

Titanium metal (Ti) 

>99.9% 



e ) 

Zirconium oxide (Zr 02 ) 

>99.9% 



f ) 

Niobium oxide (Nb 20 ^) 

>99.9% 



g) 

Sulphuric acid (H 2 S 0 ^ ) 

A.R. 

BDH 



The above mentioned raw materials were used f or 
sample preparation. For packing powder. Iron oxide. Nickel 
oxide and Zinc oxide of L.R. grade were used. 

3.2. Preparation of Packing Powder 

The raw materials were weighed accurately following 
Table 2. The weighed raw materials were mixed in an agate 
mortar and directly fired in an electrically heated furnace 
at 1250°C for 4 hours taking it in sillimanite crucibles. 
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3.3. Preparation c£ Samples 

/ 

3.3.1. Mixing of raw materials ■= The raw materials were 
weighed in an electronic pan balance (Owabar, Germany) with 
an accuracy upto fourth figure of decimal place. They were 
transferred carefully in a porcelain mortar for preliminary 
mixing. As the raw materials were fine enough they did not 
require further grinding. After primary mixing the raw materials 
were mixed in an alu^aina porcelain ball mill with alumina 

balls for one hour with proper amount of distilled water. 

Finally the batch was taken out and dried. 

3.3.2. Preparation of samples for determining minimum 
f erritisation temperature - In order to establish the 
minimum temperature at which complete ferritisation occurs, 
several pelletised sanples of the batch were taken in alumina 
crucibles. The pellets were completely covered with packing 
material upto the seam of the crucibles and were treated at 
850°C, 900°C, 950'’C, 1000°C, 1050°C, 1100°C, 1150°C, 1200°C 
and 1250°C individually for 4 hours in an electrically heated 
muffle furnace. The furnace was cooled slowly. The canpletlon 
of ferritisation was checked by X-ray d iff ractogramsj 

3.3.3. Preparation of base material - The batch material 
was pressed into 1/2 inch dia. pellets. They were taken in 
an alumina crucible and covered with packing material. They 
were calcined at 800°C for 1 hour in an electrically heated 
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■ furnace . Tlie ' pellets , ter ‘codling, ' were ::grouKid thorouglily 

' in arid again 

: pressed .into;, pellets . Tliey'were' finally 'territised at 125-0’°:c 

■ £ or i4: 'hours, in^^an eleetrically":heated '"mufflerfarnace using 
El atihurri=-'Pl .atih'ii.m " l:C%-“.'RhGd ium thermocouple 'Und ;:• temper a ture 
■controller ('Leeds 'arid iNorthrup, Electrcmajc ) . 

■■•' ! -"I"."' t, . , . , ,. ' . , 

3 .4 . iPreparation of i 'Dopant Solutions 

3i4'l. Analysis “ Known amounts of Oopants^i.e , Ti ( as 
metal), Zr (as ZrO^ ) 'arid 'Mb '■ ( as ^Mb^'O^ ) .-were 'dissolved indivi- 
•dually ' in..-con.centrat'ed sulphuric vacid . (36 M) taking them ■ in 

■ Elatlnum crucibles. :''The3'sulptiates 'prd'daced •■were dried 'at low 

■ temperatures ■■' and '-finally .fired 'at.i.iOOO'°Ci in muffle furnace 
: £ or .'half an''h'our . ''IPhe!. final’ ‘.'weights 'Of ... the '.materials were 
- taken .P'OCCheck.:.fehe...crGm-plete3:dec;Gmpo^iti'on 'Df ."'sulphates -and 
'.'Stdichicmetry ‘iof tthe -oxides . dhe.... experiment ■■"was' repeated. 

To'-kn'OW'.the ■ex'aett.temperature -‘: of .'deccmposition of 
""sulphates , t:the.ssUlghates'''were ..giveni f or .DIA. ' analysis 
'-'(Derlvat'ograph , 'MOM 'Hungary ) . , 

''3 .4.2. ' 'Preparation of 'dopant '-solutions of ' known' concentrations 
fitanium •- Known ''amounts' of ' the: p'OwderediTi-prmetal were 
■-dissolved A ini. 1 si <>(-^)' 'sulphuric ...acid . '■'!rhe;'solutions were 
'.'heated .'/gently to.' increased thecidissbiutionrrate , ■ Two 

ssdlutlons one'::fof 1 l-ower '.and. otheroof hhigherrconcentrations 
were used at low and high concentrations of dopants in 
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samples. 50 ml solutions of both concentrations were prepored 
using volumetric flask. 

Zirconium =■ Zirconium oxide (ZrO^) was used for Zirconium. 

As Titanium, known weights of Zirconia were taken to prepare 
two solution of different concentrations. Zirconia was treated 
with concentrated Sulphuric acid (36 N) at about 200°C to 
convert Zirconia to Zirconium sulphate. The dried crystals of 
Zr-sulphate were dissolved in water and 50 ml solutions were 
prepared . 

Niobium - Niobium oxide (Nb20^ ) was used for Niobium. It' 
was weighed and dissolved in concentrated Sulphuric acid (36 N) 
directly. It was strongly heated to get a clear solution and 
the volume was made upto 100 ml. 

3.5. Dopant Addition 

The exact volume of dopant solutions required for 
incorporating them in the base ferrite to get required amounts 
of dopants, were calculated. 

Known amounts of green Ni-Zn-f errite batch were 
taken in petridishes. Known volume of dopant solutions were 
added to the samples dropwise using a microburette carefully 
distributing it all over the sample. Care was taken so that 
the solution might not flow out of the powdered mass. The 
powders were dried gently and for larger concentrations of 
dopants in samples, these additions were repeated after 
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intermitent drying o£ the solution. The batches were ground 
in agate mortar after each addition of solution to get 
hcmogeneity of the dopants in the samples. 

3.6. Heat ' Treatment of the Doped Samples 

The doped samples were pelletised and were taken in 
alumina crucibles with packing material covering them. 
Initially they were heated at 800°C for 1 hour. For each 
dopant four samples of different dopant concentrations were 
heated altogether at a time so that they can get same heat 
treatments. Hie cooled pellet were again ground and mixed 
thoroughly in an agate mortar. They were again pressed into 
pellets and fired at 1250°C for 4 hours with packing materials 
covering them. The temperature of the furnace was controlled 
carefully using controller. The furnace was cooled slowly. 

3.7. X-ray Analysis 

3.7.1. To estimate the minimum f erritisation temperature - 
The pellets (as obtained in Section 3-.3,2) were ground in an 
agate itioirtar to -200 mesh (ASIM) for X-ray study* They were 
taken in a X-ray sample holder of groove size 15 x 15 x 1 mm 
and X-ray diff ractograms were taken in XRD-5 (G.E.C., England). 
The data were compared with the given ASTM data of the 
starting materials (viz, NiO, ZnO and Fe202) and for final 
product. 
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3.7.2. Characterisation of Ni-Zn^-f errite -- The base 
ferrite pellets (as obtained in section 3.3.3) were ground 
and X-ray diff ractogram was taken as described in previous 
section. The position and intensities of the peaks were 
canpared with given ASTM data for Mi-Zn-f erri te . 

3.7.3. Trial runs of doped samples with silica - Originally 
it Wds felt that the incorporation of quartz would help to 
measure the relative shift of the d-values of the doped 
Mi-Zn-f erritos when compared to the fixed d-values of the 
quartz lines thus eliminating machine error. So the ground 
samples were mixed with 25% pure u -quartz (by weight). That 
gave a good sharp peak of quartz compared to that of ferrite. 
Attempts were made to measure the shift in 2Q values with 
respect to that of standard quartz. As the readings of 2© 
values in the chart were not accurate so this method was given 
up and the point count method was adopted. 

3.7.4. Point count for measuring the shift in d-values 
First knowing the approximate peak positions^ the powdered 
samples in holder were set near the peak positions and it was 
slowly rotated towards maximum peak position in steps and at 
each position the X-ray counts were noted by an autonatic 
timer for certain periods of time. Two machines were used 
for this purpose: (i) siefert (Germany) of accuracy 0.001° in 
2© values and (ii) XRD-5 (G.E.C. England) of accuracy 0.01°. 
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Initially to know the approximate peak positions, the angles 
were changed by hand in steps of 0.05° then in steps of 0.02° 
noting the counts for 10 seconds. Finally, the angles were 
changed in steps of 0.002° and the counts were noted for 6 0 
seconds in Siefert dif f ractograph . Measurements for Ti-=-doped 
samples were done in this machine. In XRD-5 , the angles were 
changed in steps of 0.05° initially noting the counts for 20 
seconds and finally by 0.01° noting the counts for 100 seconds. 
Measurements c£ Zr- and Nb-doped samples were done in this 
machine. The XRD-5 machine needed to use because cf break 
down of the Siefert machine. 

The d-values were calculated using Bragg's formula 
i.e. = 2d sin©, where A is the wave length of X-ray used 
and © is the peak angle in degree. 

The d-values calculated were used to find out the 
lattice parameter, a, as 


= d(h + k 


l2)l/2 


where hkl are the indices cf the X-ray reflecting plane. 

These a values were plotted with Nelson-Riley function, 
which is given by 

f (©) = - ) (See Appendix) (1) 

sin © 

The curve of f(©) verses lattice parameter (a) should be a 
straight line and the extrapolated value cf ' a' corresponding 
to f (0) = O gives the accurate value of 'a'. 
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3,8. Density Measurement > 

The density o£ samples were determined using pycno- 
meter bottle. The sizes of two bottles used were c£ 1 ml 
volume and of 2,5 ml volume. The method used is same as that 
of specific gravity bottle. The density of the sample is 
given by 

^ ^2 - ^1 ^4 “ ^1 . 

^ (w^ - w^) - (w^ - w^) ^ w^ - w^ ^ ' t 

where / w^ = weight of the empty bottle, 

= weight of bottle + sample (about 1/3 filled) 
w^ = weight of bottle + sample (as before) + liquid 
(filling rest of the bottle) 
w^ = weight of the bottle + liquid (filling the bottle) 
Wg. = weight of the bottle + water (filling the bottle), 
all are at roan temperature , 

and t ~ (density of water at room temperature, in gms/ml. 

Initially to establish the accuracy of the method 
crushed single crystal alumina powder was taken whose density 
was measured using distilled water. For the samples, the 
densities were measured using A.R. Grade Toluene. 

Standard deviation in densities of each sample was 
calculated using the formula 

Standard deviation; s = ( ) 

where /s> is the average density and n is the number of 
readings taken. 
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3.9. Magnetic Measurements 

Only the saturation mcment of the samples were 
measured. Small known amounts of powdered samples vjere taken. 
P.V.A. solution in water of known concentration was added 
dropwise to tiie samples and mixed thoroughly. The samples 
were dried when required to keep the moisture content at 
proper consistency for pressing. Two pellets were prepared 
for each samples in a 3 mm dia. die. 

The weighed pellets were kept in the magnetic field 
of a parallel field vibrating magnetometer (model 150 A 
EG -Sc G , PARC/ U.S.A.). In this magnetometer the samples are 
kept in vibration in a vertical direction while the magnetic 
field acts in h oriz on ta]^ direction . The induced a.c. field 
produced by the sample in a pair of secondary coils placed 
on both sides of the sample is amplified and compared with 
the signal produced by a standard magnet giving rise to an 
output signal which is proportional to the magnetic mcment 
of the specimen. 

To know the approximate saturation moment/ magnetic 
fields were increased gradually upto 6.5 K.Oes and' the 
magnetic moments were noted for the base sample. For other 
samples saturation magnetic field was applied directly and 
the magnetic mcmepts we|:e noted . 

The saturati'0*4 magnetic mcment of a sample is given 

by either by a = ~ emu/gm/ where a is the observed satur- 

s m 

ation magnetic mcment of the sample and m is the mass of the 
magnetic material or by 4 tlm^ emu/cc, where M^ = xp emu/cc. 
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Chapter 4 

RESULTS AND DISCUSSION 


4.1. Ra'« Materials ^ 

Batches Were prepared for both the samples as well 
as packing materials following Table 2* Total batch of 800 
gms for samples and 500 gms for packing materials were 
prepared , 

4.2. Packing Material 

As Zinc has low vapour pressure so at high temperature 
ZnO sublimes and deconposes as 

ZnO (s) — Zn (g) + O 2 (g) 

We know from Ellingham diagpam the papti^l pressure o^ Oj^ygen 

—12 

at 1250°C is 10 atm. So to prevent the expulsion of Zinc 
from the sample proper Oxygen piartial pressure has to be 
maintained by covering the samples with suitable material. 

If pure Zinc oxide is used around the samples then the high 
concentration c£ Zn will lead to diffusion of Zinc in the 
sample and hence the ocmposition a£ samples will change. So^ 
usual practice is to use a material having sate Zinc content 
as the sample. It provides sufficient partial pressure of 
Zinc as required for the satples to stop expulsion of Zinc. 

The crucibles were also closed at the top# 
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4.3. Preparation a£ Raw Materials 

4.3.1. Mixing of raw materials - Mixing was done in 

alumina porcelain ball mill for 1 hr. The short time of 

mixing was chosen to minimise contamination from the balls 

20 

and walls of the ball mill. Previous worker reported the 
contamination level to be about 0.1% per hour in alumina 
porcelain ball mill. Grinding and mixing were done mainly in 
agate mortar to avoid contamination. 

4.3.2. Preparation of samples for determining minimum 

f erritisation temperature - The furnace used for firing the 
samples was electrically heated Silicon Carbide furnace the 
temperature c£ which was eutonatically maintained using 
temperature controller (Leeds and Northrup, Electrcmax). The 
temperature was controlled in the range of +5°C- About 
3 grammes of base sample was taken for firing at different 
temperatures for 4 hours. The samples were pelletised to 
enh anc e r e ac ti on . 

4.3.3. Preparation of base material - Initial firing at 
800°C is for decomposition of the Ni-salt to oxide of sub- 
micron size and the following mixing in agate mortar increases 
homogeneity of the material. This also increases quicker 

f erritisation at 125o°C. 

4.3.4. Addition of dopants - At low dopant percentages 
(viz. 0^2%) the volumetric proportion of dopant is very, low 
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than the base material so mixin-g the dopants to have a 
hanogenised mass Is' a problem.. If the dopants are. used in 
powder form, due to the relat.iyely higher particle sizes of 
the dopants', h.om.ogenisation by sintering is not possible and 
it requires repeated sintering, and; grinding to have a better 
prcdu'ct which brings forth impurities. So solution method of 
addition of dopants was adopted which enables fine dopant 
particles on deccmposition and thus a more hanogenised product 
Attempts were made to dissolve the dopants in acids. 
Zirconium oxide and Niobium oxide do not dissolve in Hydro-= 
chloric acid or Nitric acid. They dissQ!|.ve in Phosphoric 
acid, Hydroflouric acid agd Sulphuric acids. Zirconium and 
Niobium phosphates decoupose at high temperatures and hence 
this method of add.ition of dopants >/as rejected and as 
flour Ides volatilise at lower tem.pergtures, so it .was also 
rejected* The .sulphates 'Pf them decompose at 798°C and 766 °C 
respectively ^determined by D,. T.A. and T.G.A, methods). As 
Titanla is soluble in .s.uilphurdc acid to only a small extent 
and has s'imilar ^problems -as with other agid.s^, so Tl-mehal 
w-as used as tthe raw material for Titanium doping. ,Ti- 
sulphate deconposes at .708°C (determined .hy P.T.A. and T.G.A. 
methcd-sj-. Itie . dissolution process ,v)with hot sulphuric acid 
is a . problem due to -a.tmosfhere pollU;tion.. with ..the acid vapour. 
Use of adid tfname cd.hamber ,,?w±ll reduce i-the . pr.pblem . 

■’The. dopant .'spiutiphs were added into , the .sample.s 
using a microburette vhich can read upto 0.05 ml. As the 
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batch materials taken were 3,5 gms each, it was not possible 
to add dopant solution more than 3 ml at a time. For higher 
concentration of dopants repeated additions after drying 
were done to achieve required dopant concentrations. The 
data is shown in Table 3 f or Titanium. Same addition methods 
were applied for Zirconium and Niobium. 

4.4. X-ray Analysis 

4.4.1. To estimate the minimum f erritis ation temperature 
The X-ray dif f ractograms were taken for each samples fired at 
different temperatures ranging fran 850°C to 1250°C. The 
peaks in the dif f ractograms were compared with starting 
materials as Zinc oxide. Nickel oxide and Iron oxide (Fe202) 
and with final products, Ni-Zn-f errite , The decrease in the 
iron oxide peaks with increase in Ni-Zn-f errite peaks were 
praninent with the increase in firing temperature. At 1150'"'’C 
the most intense peak of Fe^O^ was conpletely disappeared 
together with the clear and sharp appearance of pr eminent 
peaks of Ni-Zn-f errite. At this temperature there was no 
evidence of NiO and ZnO. The f erritisation temperature was 
selected to be 100°C higher i.e. 1250°C for ccmplete 
f erritisation . 

4.4.2. Characterisation of Ni-Zn-f errite - The results of 
the X-ray diff ractograph of base Ni-Zn-f errite is given in 
Table 4. This is compared to the given A.s.T.M. values which 
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show a close raatch with the exception of the second and the 
fourth highest peak intensities which are low in the present 
case. A few X-=ray peaks were not found in our sample. This 
may be due to high noise production by our small sample 
holder due to scattering from the perspex surface. The hkl 
values as given by '^.S.T.M. were adopted and the same for 
only the last peak was self indexed . 

4.4.3. Trial runs of doped samples with silica = With 
Silica X-ray dif f ractograms were taken for Titanium and 
Niobium doped ferrites in XRD-5 . The chart did not give 
accuracy upto required level and also the variation of d- 
values were random so this method was rejected and point count 
method was adopted , 

4.4.4. Point counts for measuring the shift in d-values - 
The method for finding out the actual peak angles fron point 
counts are shown in Figure 2 for Ti-doped ferrite and the 
data IS given in Table 5. 

4.4.5. Estimation of lattice parameter - Accurate deter- 
mination of lattice parameter is discussed in Appendix. 

The results of estimation of d, hkl, lattice parameter and 
corresponding Nelson-Riley functions are indicated in 
Table 6, Figures 3, 4 and 5 show the plots of lattice 
parameter vs« Nelson-Riley function for only three highest 
angle values. The remaining lower angle values gave 
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erroneous results as they are in a nonlinear part of the 
curve and these points are rejected. The results of lattice 
parameter values are given in 10th column of Table 6 which 
can be read frcm the Y~axis from the Figures 3, 4 and 5 at 
f(©) = O. standard deviations for lattice paraneters were 
not analytically determined because it is evident frcm the 
plotted figures that these values would be low and below 
+ 0.0004. The standard deviation frcm Figures 4 and 5 are 
still lower. 

Figures 6, 1 and 8 show the variation of lattice 
parameter of the ferrite ccmposition doped with TiO^/ ^^*^2 
and Nb20^ respectively. It is seen in Figure 6 that there 
is a drop in lattice parameter at low percentages of TiO^ 
upto 0.8907% followed by increase at higher percentages 
with decreasing slope. Literature repopt^ soigbility oE Ti 
in Ni-ferrite upto Ni^ ^FeTiQ^^O^ and in Ni-Zn-f errite upto 
NiZn^ ^FeTi^ ^O^ as reported by Gorter^*^. Our Ti-ccntent in 
Ni-Zn-f errite was upto 0.4217 mole Ti per mole of Ni-Zn- 
f errite . 

Figures 7 and 8 show that there is an Increase in 

lattice parameter Upto 3*4C% dopant for Zr02 0,B&/o 

for ^^2*^5 which they are almost constant showing 

iramiscibility €£ these dopants in Ni-Zn-f errite i As repccted 
15 

by Blasse that Nb^O^ is completely insoluble in Ni-ferrite 
is prcfcably dpe to 'the lack of sufficient accuracy in his 
measurements which was reported upto 3rd decimal place. 
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We have measured lattice parameter upto 4th decimal place and 
found small degree of solubility of Nb-0 in Ni-Zn-f errite . 

The small variation in lattice parameter of same Ni- 

O 

Zn-base ferrite as shown in Figure 6 (a = 8.3974 A) and in 

O 

Figures 7 and 8 (a = 8.3936 A) is probably due to measurement 

O 

in two different machines as compared to 8.399 A as reported 
1 8 

by A.S.T.M. 

4.5. Density 

Standard deviations as shown in Figures 6, 7 and 8 
is about +1%. It is possible for pycnometer readings to be 
more accurate and reported values of 0.1% is quoted. In our 
method use of vacuum and low surface tension liquid although 
expected to produce higher accuracy still the results are 
not good. This might be improved by using a larger bottle 
(5 ml or lO ml) with larger sample amounts. 

In literature the reported density.- '•Values of Ni- 
ferrite is 5,38 gms/ml and that of Zn-ferrite is 5.33 gms/ml. 
Taking arithematic mean of the two, the density of Ni^ 5 5^® 2^4 
cones to be 5.355 gms/ml whereas we have got the value to.be 
5.2567 gms/ml. Starting with the instrument, same high 

was 

value in standard deviation^f or ground single crystal alumina. 
T^le 7 shows the densities of all compositions and Figures 
6,7 and 8 i^ow the; plots of density variation versus dopant 
content. Densities were calculated following the formula: 
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Calculated density, gms/ml = 

weight contributed by the elements in the formula x 8 
(measured lattice parameter) x Avogadro number 

(since, 8 formulae form the unit cell). 

For NIq 52 nQ ^I’e 20 ^, the density is, calculated as, 

237 .5 X 8 , , 

p = = 5.317 gms/ml 

(8.3974 X 10 ) X 6.03 X 10 

Density by mixture rule was calculated by taking the weighed 
average c£ densities of Ni-Zn-f errite and the corresponding 
oxide. For 0.89% '^^^2 density of the mixture is given by, 

1 gm ferrite 4 - 0,0089 gm TiO^ 1 + 0 0089 

volume of ferrite + volume of TiO^ “ 1 0.0089 

^ 5.317 4.26 

^ = 5 .305 gms/ml 

The standard deviations for the measured densities 
are also indicated in the plots. 

For Titanium doped ferrite, the measured density 
increases upto 0.2646% Ti02 and subsequently falls monotoni- 
cally after that. Although the standard deviation is high 
and the observed rise may appear to be spurious at first sight, 
the rise may be connected with fall of corresponding lattice 
parameter as shown in the same figure. The matter is discussed 
in the following pages. 

Figure 7 shows the density of Zirconium doped ferrite 
to be dropping sharply followed by rise and then gradual fall 
up. Similarly, the density of NioBium doped ferrite (figure 8) 
falls down sharply and then rises rapidly at higher percentages. 



More ccmments in this aspect (xt^ given in later discussions 


4.6. Magnetic saturation mcment 

The details c£ magnetic saturation moments are given 
in Tables 8 and 9 and in Figures 9 and 10. In Table 8, the 
nature of variation c£ magnetic mcment with applied magnetic 
field is sho^m for the base sample. This is just to know the 
field required to get saturation magnetic mcment. Due to 
low capacity cf the magne tcmeter, it was not possible to go 
beyond 6.5 K.Oes where the magnetic mcment cf the sample is 
seen to rise though at a very slow rate. Later on, the 
magnetic moments of all the samples were taken at 6.5 K.Oes 
and are considered to be the saturation magnetic moments,. 
Table 9 and Figures 9 and 10 show the nature of 
variation of magnetic saturation moments with dopant concen- 
trations. The nature of all the curves are essentially samej 
all cf them have derepressions at low percentage cf dopant 
concentrations. The curves then rise a bit, level off and 
ccme down at higher percentages of dopants. The depression 
is highest in case cf Zirconium dopant followed by Niobium 
(Figure 10) and Titanium (Figure 9) dopants. The fall cff 
portion is greatest in case of Titanium doped samples which 
can be explained by solid solubility cf Titanium at higher 
percentages and is discussed in the following chapter. The 
effect of Zirconium and Niobium are not so high as Titanium 
and that is- due to immiscibility cf them in Ni-Zn-f errites at 
higher percentages. All these are discussed in the following- 
chapter. 



Tneoretical magnetic saturation values (for Titanium 

doping/ shown in Figure (9) ) were calculated taking help of 

Figures 1(a) and (b) and Figure (11). Figurel(a) shows the 

variation of theoretical and measured magnetic saturation 

"^noments of Ni-Zn*”f e'rrites with mole fraction of Zinc. 

Figure 1(b) shows the variation of magnetic saturation value 

(emu/gm.) of 50:50 Ni'-Zn-f errite with temperature^ From this 

graph temperature correction for magnetic saturation monent 

values can be made. Figure (11) is actually derived from 

Figure 1(a), Along x-axis/ the ratio of Fe^"*” in B sites and 
3+ 

total Fe ions plotted following formula, 

(Zn Fe- ) (Ni^ y-axis, the ratio of measured 

X -L i. "“X i. +X 41: 

A B 

and theoretical magnetic saturation moments are plotted follr-?ing 

Figure 1(a). Thus knowing theoretical magnetic saturation 

value, the experimentally observed values can be calculated 
3+ 

for certain Fe in B sites* 

For NIq 52 nQ ^Fe20^/ the experimental magnetic 
saturation moment can be calculated as follows: 

The formula can be written as, (Zn^ 5^^^^0 5^®1 5 ^*^4* 

Here, 

ll5 _ o 75 

Fe^+(A)4.Fe^tB) - 2 - • • 

The theoretical magnetic saturation moment is, 

((Oi5x2 + 1.5x5) - 0.5x5)x8[ig = 48.0|ig 

m 

. , Experimental saturation moment is 

43,0x0.85 = 40,8 pg (from Figure 11) 
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— 1 n 

= 40.8x1.1653x10 (Wb-m)x 
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594 .66 (m ) 


X 7,96x10 Gauss 


544 7 3 

= 544,7 Gauss = - — Gauss cm /gm, (density = 5.32 gms ) 


5.32 

3 

= 102,4 Gauss cm /gm or emu/gm. at 0°K. 


ml 


75 


At room temperature (say, 25 °C) the value is, 102 .4Xjy^emu/gm 

= 6 6. ■7,8 emu/gm . (using Figure 1(b)), 
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Chapter 5 
GENERAL DISCUSSION 


5.1, Density and Lattice Parameter Changes 

TVhen a cation of different valency is introduced 
in another compound, the effect is creation of extra positive 
charge or its defficiency according as whether the incoming 
cation has higher or lesser valency. In case of higher 
valency cations the extra charge is balanced either by 
expulsion of cations or by changing the valency to lower state 
of cations. 

3 - 4 - 

Lot US take an example of replacement of Fe by 

4-4- jr 

Ti in Ni-Zn-f errite as in our case. As the partial pressure 

is expected to be higher than that corresponding to the fully 

4:-h 3+ 3+ 

oxidising condition the charge balances as Ti + Fe ^ 2Fe 
3+ 2+ 

i.e. Fe ->► Fe is not possible. So the conservation of 

charge can only be explained by expulsion of cations (divalent 

and or trivalcnt) due to introduction of Ti , We have postulated 

four different models to explain this phenomenon assuming 

the proporticao of Ni ; Zn to be always constant as the base 

material has been prepared in stoichiometric proportion. 

The four models may be summarized as below; 

3+ 

I) the dopant exclusively teplaces Fe which goes out as 

insoluble cx 
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II) the dopant exclusively replaces which goes out 

as soluble Y-Fe 202 pbiase, 

III) divalent catiorls go out and precipitates as separate 
oxides; 

IV) dopant oxide contributes to ah increased lattice due 
to addition of oxygen and di-^alent and trivalent cations are 
proportionally removed i 

I) Fe^‘ goes out and forms a -Fe 203 which is not soluble 
in the ferrite structure. 

The equaticsi is, 

Nio.52"o.5^®2°4 + «io.52"o.5‘'®2-4x’'VxV2=^®2°3 

Here, Fe vacancies are created in the structure.. Accordin'^ 
to this model, as if the 2x moles of a-F« 2®3 ^ with the 

ferrite and the density can be calculate accordingly. 

II) Fe^"^ cemes out and forms y structure which is 

again soluble in the spinel formula and pah be represented as, 

“io.5“’o.5^®2°4 ^^°2 ^ ”io,S^"o,5^®2’‘^3x *4+«x- 

r* ' ” 

The right hand side of this equatiai can be represented as. 


'0*5x4 

4+6x' 

^"o.5x4 

^®2x4 

x4 °(4+6x)x4 

4+6x 


^+6X 4+6x 

■ 1 

zn ^ 

Fe . 

4 

o 

X 


5+iix 


^+3x 


The density of this structure is given by; 




mass Gf the formula x 8 


r- ; 'm 


( observed" lattice parameter )-^x Avopjd.rp 

M ^ M 


^ 
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[II) The divalent cations in the lattice go out as a 
separate phase forming oxides as. 




i.e. one divalent cation vacancy is created for one Ti 
The density of the structure is given by mixture rule 


.■4+ 


IV) 


Vacancies are created in the cation sites maintaining 


Ni/ Zn : Fc--J ratio constant. 

.2 


Assuming four 0 ions per formula and xTi02 enters 
in it, the equation can be represented as. 


'''io.52"o.5’'‘-‘2°4 + «io.52"o.5'^"‘*2’'ix °4+2x 


The right h'^jad side of the formula can be represented as. 


^^0.5x4 ^'^0.5x4 ^®2x4 4x °(4 + 2x)x4 


4h-2x 


4+2x 


4+2x 4+2x 4+2x 


or. 


Ni zn ^ Fe 4 Ti 2 ^ 0^ 


2+x 2+x 2+x 44-2 x * 

The density of the structure is given by. 


P = 


mass of . the formula x 8 


(observed lattice parameter) x Avogadro number 
Besides these models another model can be considered 
for density. If the cation is not soluble in the structure, 
the net density of the mixture is given by the weight proper- 
tion cf the densities c£ two phases. The density is given by, 

P = 


weight cf ferrite + weight of dop..ant added 

volume of the ferrite + volume of the dopant added ' 


Jd6L 


/^(ferrite) P(c3opant oxide) 
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where 'y' is the weight fraction c£ dopant oxide added. 

In the above discussed models, none c£ models (I), (II ) 
and (III) are probable because Ni and Zinc are in stoichicmetric 
proportion and dopants are added separately. It is most probable 
to consider that the dopants v/ill create cation vacancies in 
stoichiometric proportion. Hence model (IV) is used to 
calculate density is all cases. In the absence of solubility, 
the mixture model would be appropriate. 

Considering model (IV) for theoretical density, we 
have an illustrative example for 0.4217 mole fraction c£ 

Titanium. The formula can be written as. 


2+0.4217 


^ 1 ,4 ^^2x0.4217 • 

2+0.4217 2+0.4217 2+0.421'? 


The molecular weight of this structure 

= (molecular weight of the formula) x 8,- as 8 such 
formulae give an unit cell,, 

= 233.79 X 8 = 1790.-3 gms.- 

O 

The measured lattice parameter c£ the structure is a = 8,405 A ', 

Therefore, density of this structure is, 

weight of unit cell 

“3 23 

a X 6.03 X 10 

1790 3 

= =3 — — ^ gms/ml. = 5.000 gms/ml, - 

(8.405) x(lO^) X6. 03x10 


4+ 4+ 

For Zr ion, the structure is same as Ti but for 


5+ . 


Nb it is different and is given by> 
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2 Fe^ Nb O 4 

4+5x 4+5x 4+5x ■ 4+5x 

The calculated densities are plotted in Figure 6 for 
Titanium and is found to follow the general trend of experimental 
value of pycncmetric density except at very low percentages. 

The experimental density values are seen to rise upto 0.2646% TiO, 
and then falls monotonically . The lattice parameters as 
determined by X-ray technique also are seen to fall followed 
by monotonic rise. 

When .smaller size ions enter into the structure 
(viz, Ti'^’'' (0,61 A) for Fe^'*’ (0,65 A)), it is possible that 
the lattice parameter may fall and at the same time when cation 
vacancies are created the lattice parameter may increase 
(since vacant sites cause neighbouring ions to repel each 
other). Tlie two opposite tendencies may cause a minimum in 
the lattice parameter versus dopant curve. Such a drop in the 
lattice parameter would result in corresponding increase in 
density which can be estimated from the mass of the unit cell, 
Howevery in this case/ the observed rise is about 20 times that is 
accountable by lattice parameter drop. It may however be 
noted that the pycnometric density values are not that accurate 
as shown by iihe standard dhefviatiai for the point at 0.2646% TiO^ 
level to be quite large, i^erefore, it is possible that the 
measured density rise may «pt be so high and may be closer to 
that which is accountable by lattice parameter at that point. 

After 0,8907% Ti 02 in Ni- 2 n-ferrite the monotpnic lattice 
parameter is observed with decreasing slope , The density curve 
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^ter^this mole fraction of Ti'^"** is seen to go parallel with 
the calculated mixture density curve. These tell the decrease 
in solubility of Titanium at higher percentages (above 
0*8907 mole fraction), Blasse^^ also dbserved a monotonic 
increase in lattice parameter* 

■n T -i • 1 14 ■ 

Following Blasse the expansion in lattice parameter 
by adding 1 *0moie titanium is 0^01% both in ^®2-2t '^^t'^4 

and Ti^O^ ferrites# where as in our case it is 

only- 0.002% per 1 mole of Titanium* This difference in 
expansion in the case of Blasse is due to the fact that# 

a) for every Ti^’*’ entering# cne Co^'*' or Mg^'*’ enters and 

3 + 4 4“ 24- 3 4- 

2Fe leave as# Ti + (Mg, Co) 2Fe , leaving no physical 

A-l 34 - 

vacancy wh€;reas in our case, for every Ti entering, one Fe 

44" 34“ i 24" 

and one-half divalent caticn go out as, Ti Fe +J;(Ni+Zn) # 

2 

leaving a half of a vacancy and# 

44 - 24 - 

b) the size of the second icn entering with Ti is Co 

o 2 4 o' o , 

(0.74a) or Mg 'CO*7'2 A)^ Is larger compared to the Fe ion 
leaving. Both of these contribute to large difference in the 
lattice expansion. At high percentages of Ti02 addition the 
nature is similar to those reported in literature* 

In the X-ray diff ractOgraa the maximum peak of 2r02 
(bedeleyite) is seen to be present at 14,19% Zr02 doped 
ferrite. The peak hight is 6% cdtpated to that of maximum 
peak of Ni-*Zn-f errite, 

Zirconia shews solubility Uptd 3*40% in Ni-Zn-£erri,te 
which is observed by continuous variation in lattice parameter 



with percentage zto^ addition . After thie leVel the insolu- 
bility is reflected by the constancy of lattice parameter; It 
can thus be easily reported that solubility a£ ZrO^ is in 
between 0;8864% and 3 0031% in Nis-Zn-f erritei 

The :^ricrease in the lattice parametet due to addition 
of Zr ion can be explained with the same mfidei as Ti'^'*'i It 
is observed that the net increase in the lattice parameter in 
this case is higher than that due to the addition of Ti 02 / 
upto 3.4C%, This can be explained on the basis of larger 
imie r^ius of zr^"^ (0,72 A) than Ti'^+ (0,61 I) and hence the 
effect is proportionally larger in case of ZrO^; 

Nicbiuni shows same behaviour in lattice parameter change 
as Zirconium, .Only difference is that Niobium h as lesser 
solubility, upb# a^]5(864% * Ibe mt increase in lattice 

parameter is cf the same order ©f m^nitud© as and is’ 

possible as they have close ionic radii values (Nb^”^ 004 A)^ ' 

In case of 2r02 doping the observed density change 
flattens <£€ almpst at the same point where lattic© parameter 
levels which is expected (Figure 'll, T(he slight decrease in 
density values at this rang# perhjS.|is asdointed fgr error in 
density measurement which is clear frm the large value of stan* 
dard deviation-, The density in this rang§ should follcw a 

mixture rule. The accuracy of pycnanetrjc determination being 

s' 

not very high it i® possible that a monotfnically increasing 
density versus jjereantage ^iro(^ia curve which- will 

be in line with mixture rule^ At the initial part cf the 
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density curve, the reduction in observed density is frcm 

5 .2576 gms/nil, to 5,1377 gms/nil , where as, calculated values 

based on model (IV) is from 5.322 gms/ml. to 5,316 gms/ml. at 

a dopant concentration c£ 0,0231 mole fraction. The observed 

value again rises after this fall; the calculated value would 

show a fall but with a decreasing slope at higher percentages. 

Niobium had been reported by earlier workers^^ to be 

totally insoluble in cobalt and Magnesium ferrites, but in our 

casfe it is clearly ceen that the solubility (Figure 8) of 

Niobium exist in Ni—Zn—f errite; The density c£ the doped 

ferrite also drops accordingly, although not proportionately 

upto the maximum solubility limit (observed drop is from 

5.2576 gms/ml, to 5.077 gms/mlw and calculated drop is from 

5,322 gms/ml, to 5,313 gms/ml, at 0.0012 mole fraction Nb^"*") 

and then unexpectedly it rises at higher percentages of Nb 20 g , 

The dotted curve shows the variation of calculated density. 

The increase in density c£ the doped ferrite, instead of 

decrease, probably can be best explained by the variation 

21 

o£ valency change of Niobium easily. Literature tells 

the variation of densities of oxides to be from 4.47 gms/ml, to 

5+ 2+ 

7.3 gms/ml. for Nb to Nb . Thus in our case Niobium 
probably changes its valency to lower value and hence the 
density of the mixture is seen to rise. However, the reasons 
for such change in valency can not be explained easily. 
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5,2. Magnetic saturation Mcment 

The curves shown in Figure 9 are already described. 

The essential feature of these curves are sudden drop in 
magnetic saturation mcment value followed by increase, flattening 
and drop. In case of Titanium the drop is greatest compared to 
the other two and is due to its solubility at higher percentages. 
The reason of such behaviour is proposed in later portion. 

For Zirconium and Niobium the effect on magnetic 
properties can be considered upto their solid solubility 
limit. Beyond this the nature cf the curves will be determined 
by mixture rule. 

Possible site occupancy for the cations s. - 
Broadly speaking the following site occupancies can be 
thought of. In actual case, however, a single one cf them may 
not be effective throughout the whole range of solid solution 
when the dopant is introduced. The net saturation mcment 
could be result of one or more cf these modes acting simultane- 
ous ly. 

Modols: - 

■ 3+ 

i) All of the dopant cations go in A sites, Fe 

2+ 2+ 

ions are re^aoved frem A sites and corresponding Ni and Zn 
ions removed from B sites and A sites respectively. 

For Ti'^'^ the basic equation of charge balance is, 

Ti'^’^ Fe^'*’ + ^ Zn^"^ + ^ as discussed earlier. 
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Following this equation, and model IV of density ive con 
arrange the spinel structure as. 


A site : 


B site : 


Zn , ^ 

4x 4 F. 

ux .5 

4 

4h-2x 

4+2x 


4x.5x ^ 

T+2x 

4+2x 


O T 1 Ti ^ 

_/ ^ 4 s 4x 4x 

1 I — N / 'n,- *“ /I . / *" ~A . n-- A . 


X 


44-2X ^ 4+2x 4 + 2x 

anions : O, , 

and the saturation magnetic moment is given by, M =jMg - 
Here , M 


(4 - 4x - 2 + x)x5, due to Fe^'*’ only 


A -j: + 2x 

10 - 15x 


”b = /i+2x 

(due to 


4 + 2x 
1 




(2->x)x2 (due to Ni^'*’) + -r — ~ (4+2~x)x5 


4+2x 


34 7x 
4 + 2x 


, . M = 


s 4-!-2 x 

(tnciil 


(34-7X - 10+I5x) = 


2+x 


(2) 


ttnail 4 ^ 

This shows a slope ?£ -=A- when plotted with M . 

^ z+x s 

3+ 

ii) All of the dopant cations go in B sites and Fe 

2 + 2 + 

go out from B sites as well as Ni and Zn fron B and A 
sites respectively. 

Using the same two equations we can write the spinel 
structure as. 


A site : 


Zn Fe /, 

2 X 4 


2 X 

+ 


4+2x " 4+2x 4+2x 4+2x 4+2x 
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B sttej 
anions : 


Ni 


X 


Ti 


4+2x; 


4 + 2x 


4X 


■^4 





4X 2 
4+2x 4+2x 


X 

4+2x 


The magnetic mcments of sites are given byj •'} . 

“a “ 4^ (4-2+x)x5 » IgjxS due to Fe^+ 

and 


M 


B 


= “^^x2 due to Ni^"^ 

+ (4-2x +2-x)x5 due to Fe^"^ 


34 27x 

4 4 - 2x 


=jM3 - (34.27X-10-5X) = ... (3) 

This shows a negative slope e£ with M i.e, the magnetifc 
saturation value decreases with increase in tetravalent 
dopant content* 

F 

In this model the ratio of given by^ 


Fe 


4 


B 


4-t-2y 




4x 

4 + 2x 

■lx 


X 


4+2x 


2+2x 


, 4 ■4x"' '"T X ^ , 4 2_ , 

^?+2x"4+^ + I+2x"4+2x^ ^^^+^"4+2 x 4+2x^ 


6-i*^X I A) 

# • * % V ^ f 

8>-4x 


iii) The dopant cations go to both the A and B sites 

©cjually replacing F©^"*" e<iually frcxn both the sites along with 
2 + 2 + 

Ni and Zn accordingly, 

rtte effect cf this type etf structure will be just 

m^an of the effedtiS pf de^Pii^ed^ 
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It is expected from the model (ii) calculations 
that the theoretical curve of saturation magnetic moment to go 

bu't 

down feistj^it can not explain the sudden drop, subsequent rise 
and fall. From the expressions for model (i) the magnetic 

' tlowlvf 

saturation moment goes<iawfa,,with dopant percentage and for 

model (iii) it goes d own with dopant concentration 

which can not explain the drastic fall of magnetic saturation 

value rand hence they are less important. 

22 4 

According to Gorter Ti ■*" ion is expected to go to 
the B sites when substituted, although under certain conditions 

4 , 

he has shown that a certain fraction of Ti goes to A sites. 

We have seGn, however, from calculations assuming A site 

fall* 

substitution, that, the mcment^stoWi.'j|5j with increase in dopant 
content which is qu-ifee in contrary to the expected observations. 
So from both grounds, A site occupancy for the Ti^"^ may be 
ruled out. 

Calculations on the basis of model (ii) and equation 

(3) shew that for 0,0079 mole Ti'^'*’ per mole ferrite, the 

percent drop in saturation moment value is abouc = 1.5% 

71.44-67.68 c: no/ 

where as observed drop from Figure 9 is 7T~44 — “ o.l/%. 

Similar calculations made by equation (3) can shw the drop 

in magnetic saturation moment values for and Nb^'*’ to be 

much less than the observed values from Figure 9. 

The sharp drop in all the three cases is not 

explainable Ixit it is possible to postulate, after this drop that 

.4+ 

the rise may be due to A site occupancy by Ti , 
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^ A different idea may be postulated in this connection 
which is as follows: 

a) At very small percentages cf solid solution some 
unexplainable" strong effect is acting to depress the saturation 
moment very sharply. 

b) However , ' super- imposed on this effect the normal 
effect of a combination of A site occupancy at the early stages 
by which saturation moment rises to some value followed by 
site occupancy at the later stages, can explain the small rise 
of saturation moment (after the early drop)f ollowed by a fall 
off . 

For Titanium, at higher percentages, the behaviour can 
be explained on the basis of calculated values for magnetic 
saturation mcmonts. The dotted curve is theoretical and is 
drawn using the equations (3) and (4)* For example at .0,1169 mole 
fraction Titanium, the magnetic saturation value at room 
temperature is calculated to be 57,50 emu/gm. which is smaller 
than the observed value, 68,20 emu/gm. This discrepancy goes 
on increasing at higher concentrations of TiO^* such higher 
observed values probably can be explained considering decrease 

44 . 

in solubility of the Ti at higher percentages which 
increases the net magnetic saturation moment value by a small 
extent. 

After the solid solution range is completed for Zr^"^ 
and Nb^"^ dc^d samples the magnetic saturation value can be 
explained by mixture rule. Calculated magnetic saturation 
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monent, based on arithmatic proportion c£ the saturation 
mcments of ferrite and nonmagnetic dopant oxides/ cones to be 

54.01 emu/gm* compared to observed Value of 53^88 emu/gm; at 

4 + ' • -n 

O', 36 96 mole fraction Zr and is quite cbnsistent'i For no 

at 0 + 0188 mole fraction the <3alcuiated value cones to be 

55 emu/gm* compared to observed value <a£ 59*46 emu/gm} 

which also agrees well with the models 
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Chapter 6 

SUMMARY CONCLUSIONS 

4 . 

Th<.- basic Ni-Zn-f errite material was doped with 

4 -f” 4 -f* ^ j 

Ti / 2n and Nb ions as sulphate solutions to a limit 

of 0.4 217 mole fraction, 0,3696 mole fraction and 0,0188 mole 

fraction for Ti'^"'", Zr'^'*' and Nb^"^ respectively. 

Point count methods in conjunction w'ith X-ray 

dif f ractcmoter was used for lattice parameter determination. 

Accurate values were estimated by extrapolating frcm 

standard IJelson-Riley function as lattice parameter curves. 

Pycnonetrlc densities were determined for the powdered 

and doped ferrite using Toluene as the liquid, 

to 

Vibratin© nvagnetometer was usedj/determine the saturation 
magnetic mcmont at a maximum field of 6,5K,Oes# 

The lattice parameter for the base Ni-Zh-f errite was 

0 0 , 

estimated to be 8,3974 A as against A.S.T.M, value of 8,399 A. 

For doped sa»pie« the lattice parameter drops 

.4+ 

sharply followed' by mmotonlc rise to the maximum of Ti 
used but with decreased solubility. The measured density 
showed a sharp rise almOtet against correspcnding sharp fall 
of lattice parameter* The density then decreases raonotonically 
almost following the model in which replaces one 

from the bofe'h and' 2[n^"^"'aiia"f^ihally at 

higher percentages |he dei^lty folid%. mixture rule^- 
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The lattice parameter for Zr"^*^ and doped ferrites/ 

however, shows monotonic rise upto 0^0886 mole fraction for 
Zr and 0,0053 moles fraction for Nb per mole of Ni—Zn— ferrite 
indicating limited solid solubility. The measured density^ 
however, shows a drastic drop followed by a monotonic „ rise after 
the solid solubility for Niobium and Zirconium shews a 
cemparative flattening off. Both phencmena can be partially 
explained on the arithmatic mean density and in addition for 

s + 

Nb' duo to change in its valency state. 

The values for magnetic saturation moments for all 

thi.' dopvd materials show a drop at lower percentages 

4 + 

(0.0079 mole fraction for Ti , 0,0051 mole fraction for 
Zr^"** and 0,0003 mole fraction for Nb^"*" per mole Ni-Zn-f errite ) 
followed by gradual rise, levelling and falling off. 

In none cf these cases the sudden drop could be 
explained although a similar change has been observed in all 
cases. 

Values of saturation m ament theoretically determined 

4+ 

assuming B site occupancy for Ti show one broad evidence ^of 
our models with exception that calculated values do not 
explain the sudden drop followed by rise. Beyond solid 
solution range for Zr^"^ and Nb^"^, magnetic saturation moment 
more or less follows a mixture male. Titanium also showg a 
decrease in solubility at higher percentages and partly follows 


mixture rule 
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TABLE -» 1 : Ionic radii aiiri atoric ■weights c£ ccmponent 
elements 


Elements 

Atonic 

Weight 

Nonn al 

Valency 

State 

Ionic Radius 
(A) 

Nickel (Ni) 

58.71 

2+ 

0,69 

Zinc (Zn) 

65.38 

2+ 

0.75 

Iron (Fe) 

55,85 

2+ 

0.77 



3+ 

0,65 

Titanium (Ti) 

47.90 

4+ 

0.61 

Zirconium (Zr) 

91.22 

4+ 

0.72 

Niobium (Nb) 

92.91 

5+ 

0.64 


TABLE 2 : Batch c appositions 
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TABLE 


3 : Dopant content of Titania doped ferrite 


solution Mo.mal 
d op ant 
per lOOgm 
f orri ce* 


Volume Solution Actual 


(percent wt . ) (ml. ) 


of added 

solution (ml.) 
required 


dopant used 


S ample 
number 


gmTiO^ mole 
per Ti per 

100 gm. mole 
of of 

ferrite ferrite 


n 

0.2 

0.754 

0.900 

0.2646 

0.0079 

IT 


0.8 

3.014 

3.350 

0.8907 

0.0240 

2T 

!“) 

3.2 

6 .059 

6 .700 

3.9209 

0,1169 

3T 


12.8 

24 .235 

26.825 

14.1681 

0.4 217 

4T 


Strength o£ dopant solutions; 

a) 0.005 gm. Ti-metal in 1 ml.dil.H2S0^ (18N) 

b) 0.01 gra. Ti-tnetal in 1 ml,dil.H2S0^ (18N) 

^^ 0.5 ^^ 0,5 



TABLE 


^v”ray ^diffraction lines of ferrite compared 
with /iSTii x-ray data (Reference No. 8-234) 


hSTl'i X-ray 

dvita for 

Ni-Zn-f errite 

Ferrite 

(Base material) 

0 

d A 

I/I^ 

hkl 

0 

d A 

I/I]_ 

4 .85 

14- 

111 



2 .966 

45 

220 

2.961 

32 

2 .6 99 


211 



2.533 

100 

311 

2.525 

100 

2.4 23 

A 

222 

2.4 23 

4 

2.100 

25 

•*00 

2.094 

14 

1.715 

10 

4 22 

1.712 

8 

1.617 

25 

511,333 

1.612 

27 

1 .4 85 

35 

440 

1.483 

34 

1 .4 17 

28 

531 

- 

- 

1.327 

2 

620 

wm 

mm 

1 .280 

8 

533 

1.281 

7 

1.212 

2 

444 



1 .1 1 ‘\ 

<1 D 

551,711 

- 

- 

1.122 

4 

642 

- 

- 

1.093 

12 

553,731 

1.094 

11 

1 .0*1 9 

6 

800 

- 

- 

.. 


844 

0,858 

10 


x-ray unit 

- XRD 5 (G.E.C. ) 

Target 

O 

1 

X-ray slit 
width 

- 3“ 

Receiving 
slit width 

- 0,2“ 

scan speed 

- 2“min. 

Chart speed 

- 1 inch/m in . 



T.IBLE - 5 ; Point count intensities o£ X-ray diffraction readings for Titania doped Ni-Zn- 


rHO^CNJl> tQCMOCM 

OvoOinr^ LDr-ir^cN 

oococno^c^ cr^a^cDeo 


COCDtHOCM (NCTi^Ln 
tHLOCn^.^r^ rOCTivOr-i 

I>!>l>CDC0 cor-i>i> 


CD 

CD 

CM 


MD 

CD 

O 

CM 


vD 

CO 

CO 

o 

CM 


vO 

CD 

o 

CM 


(H 

CD 

l> 

i> 

1> 

I> 

CD 

CD 

CD 

CD 

CD 

vp 

i> 

O 

r- 

r- 

r- 

CO 

CD 

03 

Cn 

U 

in 

un 

D 

in 

in 

m 

D 

D 

D 

D 

un 

D 

m 

m 

D 

D 

m 

D 

C 


m 

• 

♦ 

• 

• 

4 

« 

# 

♦ . 

« 

• 

• 

m 

% 


# 

* 


cJC 

CD 

a^ 

0^ 

CTi 

CTi 

cr» 

c?> 

C7> 


CTi 

CD 

a^ 


Q\ 

CTi 


a\ 

Ch 

(J\ 


T) 

CO 

CD 

CO 

CO 

CD 

CD 

CD 

CD 

CD 

CO 

CO' 

CD 


CD 

CO 

CD 

CD 

CO 


0 ^cocMi> o\cx)trrc<J 
l>CX)ooa\rH OvOroQ 
votDi>i>iX) cDr^r^r- 
^ ^ 


vH O Q\ C<i ^X) CO x-i a\ if) 
r-a^o^r^H OOcovo 


r-r^r-cDco oocoi>i> 

'st* 'sj^ '=^‘^ 


CN';^<v£) 00 O CN'vJ^vOOO OCM^^CX) 0 <N^vD 

00 00 00 CO ^ ^ ^ 00 00 00 00 00 ^ 

a\ a\ (j\ o\ o\ (y\ <y\ <j\ G\ a\ ct\ (j\ a\ a\ o^o^a^o^ 

•••♦f •tf* 

oooocooooo rooooooo oooqrrocr>i?> rnoooooo 

or^r^r-rN t^r^iSr^ r^i>r>i>i> r^r^r^r' 


0 \ vD CTv rH 00 

Ch OO <N 

0^ rH 00 ID 00 

O rH tH CN 

CM (N CN OsJ CN 


SQ vO 0^ 00 

O 00 cr\ O 
vD 04 CTy CX) 
r-H O O 
04 (N 04 04 


tH rH CM Ch ID 

00 ^ lD O 

ID I> Ch Cn rH 

a\ cr\ a\ o 

T—l r ~4 rHl ' — 1 04 


ID O CM 
0> C30 O ID 

o a^ CO vD 

O CTi cs^ (Ti 

CM rH tH tH 


CM «r}4 vQ 00 o 

O O O O rH 

lD lD ID ID ID 

* • • • f 

CM CM CM O^ CM 

D ^ D 'D vjO 


CM vO OO 

rH t- 4 iH tH 
D D ID D 

04 CM 04 CM 
vD D vD vp 


CM vD eo o 

cTk c^ a> cn o 

iD 

• ^ f f * 

CM CM CM CM CM 

p D MD vD vp 


CM ^ vp 00 

o o o o 

D D D D 

• • • • 

CM CM CM CM 
\P D tO O 


OODOOD^ 0 »HCT\^ 
DtHDCOk:!^ O00rH|> 
p CTV CM iD r-i CD MO rH 
vj0v 0DI>1> l>vDM0D 


CM O CM rH H 

r-( D D O 

rrfooMopr- 

D D D ID D 

i> i> 0- i> 


ID o 00 rH 
00 M) OA 
v£) D 00 O 
D D D D 
O O 1> O' 


CO O CM ^ P 
O iH r-i 

^ «';H 'Cj^ Ti* 

• • * * f 

D D D D D 

00 00 00 0^1 00 


00 O CM ^ 
rH CM CM CM 
sH 's|» 
^ < 
lO D D ID 
00 CO CD OO 


OCM^HPCO OCM'::t^P 

OOOOO iHrHrHr-l 

^ ^ 'C.t 

D'DDDD lOiddd 
OOOOOOCOOO 00 00 00 00 


vO CO ct CTi 

tH D 00 D 
CO M) CJ\ vO H 
iDDDMDr- 
CM CM CM CM CM 


|>OOCMOO rHrHCMDC^ Cr\rHrHr^ 

cMtHCOooo cjNc^Oco 

OOvOOOO rH’^|>Cr\rrf CDv£)*ti<0 

pDDD pvOpvPC^ DMOPM) 

CMCMCMCN CMCMCM'.MrM CMCMCMCM 


kOCOOCMvJi pCDOCM 

8S88S 88B8 

#§*♦♦ #•*# 

OOOOO oooo 
cooooooooO oooooooo 


QCMsJivDCD OCM^^ip 

88S88 8888 

• f*4« •••• 

OOOOO oooo 

oooooooooo ooooooco 


Continued 


ABLE ~ 5 (continued ) 


rHs^^CMCnOO 

cMoococDin a^Lr)00r^ 

t"H tH tH OO i-H tH r*H 

^ ^ ^ ^ 


^^^OrOCNiX) l>r-^C\^.r^ 
'^^'rocOcM 


LD CJ\ , — 1 vO O t — \ lD tH 

i>cOTHCNLn LnoOtHCT\ 

o^a^oOo OOOO 

CNjCNJcor^ro nrorocM 


COOCN^vO COOCM-*^ 

^ 1 > 01 > 1 > ocococo 

lilLDUlLDLO LniOinLO 
• #••• •••• 

chcr\cr\cna\ a^cria\cr\ 

COOO(DCDOD CDCOCDCO 


^ \0 CO o 

O O O O rH 

^ LO LO lD 

• • • • ♦ 

0\ o\ (j\ cr^ 

00 CO CD OD CD 


0^ vD 00 
rH rH tH tH 
LO tO lT) LO 

• • • • i 

C7^ Ch Ch I 

CD CO CD D I 


vO 00 O CM ^ 
^ ^ LD lD LfJ 

'Sj^ 

• • « « • 

a> cr\ 0 ^ a\ cy\ 

00 00 CO CO CO 


D 00 o CM 

m m \o ^ 

'Ef ^ '=^^' 

ft • • • 

a> o^ cr\ C7\ 
CO 00 CO CO 


vx)C0OLn-<J^ r-mcMvD 
lO CO l> vH CD CO O C5^ LD 
<-'t;:-'Lr)vovD vD'Dioun 
cn cn cn cn cn cn cn cn cn 


tn CO O 
O 00 CO |> ld 
c- c- CO a^ 
00 00 ro oo 


CM LO CM 
0^ CO CO VO 
CO CO I> i> 
CD CO CO CO 


CO vO CO CM LO 

O <;:,H 1> O CD 

LO LO un vD VO 

CM CM CM CM CM 


rH CO LD tH 
rH D LO 
VD LD LD LD 
CM CM CM CM 


CM«:^^vDC0O CM'cJ^vOOO 
CMCMCMCMCD COCD<D(D 

cnc?\a\a^c7^ o\ o\ <y\ G\ 

CDCDCDCDCD COfDCDcD 
1>|>I>1>I> i>i>i>r^ 


P OsJ vD 00 
^ l> t> o o 

^ 00 CO OO 00 

• • • ft ft 

CD CO CO CD (D 

I> l> O O 


O CM ,0 

00 CO 00 D 
00 00 CO D 

• ft ft • 

CD 00 CD CD 
<> 1> l> 


D 00 O CM 
CD CO 

CO CO CO CO CO 


D 00 O CM 
'=:^' D uo 
CO 00 CO 00 


00 CD CD CD CD 
1> !>!>!>[> 


00 00 CD CD 

i> o o r- 


DLnDCMCT\ CT\^tHCM 

C0|>LnCDl> 

rHCMOOCDLD 

cr\cr\cr\cricri o^cj^cncj^ 

rHrHrHrH 


^ ^ CO D 

JD ID l> O a^ 
00 tH CD LO vO 
t> t> 


D LO CM vO 
r- r- LD 
CD tH O 

O !> 


00 lT) l> CM 

rH CO 'sj^ CM 

00 00 00 D 

CM CM CM CM CM 


D O T — 1 CO 
00 D CM O 
CD 00 00 
CM CM CM CM 


CD O CM vD 
r- CO CD 00 00 
'.d' D*" 


00 O CM 
CO cn ch 0 ^ 
•'O 


CM CM CM CM CM 
vO vO vO vO D 


CM CM CM CM 
vO VO VD vD 


00 CO O CM ^ \£) 
D LO LO D 
H* 

• ft ft ft • 

^ CM CM CM CM 
^ ^ VD D vD 


CO O CM 

D vD D D 

ft ft ft , 

CM CM CM CM 
^ VD VO D 


VO CD O CM ^Cd* 

O O »H rH tH 


VO CO O (N 
rH t — I CM CM 

vd* H" 


CM CM CM CM CM 
MO vO vO vO vD 


CM CM CM CM 
vO VO ^ vD 


a) r- O O lo 

O O i> tH 00 

o a) C}^ o O 

CM Cn] CM c^*) 00 

I> O l> !> O 


00 KjH vD id 
O 00 tH O 
CM tH D CM 
CD CD CM CV 
!>!>!>!> 


^ MO O VO CM 

H CM ^ ^ fD 
^ 'a in (N o 
TO TO CO cn o 
CO CX> cx) UD (Ji 


o D l> CT\ 
1> CM CO 

frj VO CM CO 

0\ CD CD I> 
CO CO CD 00 


tH H-’ o CD 

D D CO D tH 

D O O fD D 

00 CO cn CT\ (0^ 

'sd k-h h* 


D CD D 00 
vd O rH O 
D 00 CM 
0\ G\ 0\ 
^ sd 


vO CO O CM *;t 

a) 00 CA 0’^ CA 

CD 00 00 00 00 

lO lD D iD iD 

CD 00 CD 00 CD 


vD CO O CM 
CA CA O O 
00 CD kY *vH 

ft ft ft ft 

lD D ID D 
00 00 00 CD 


00 O CM -H vo 

MD !> o (> [-V, 

CD CD CD CD CO 


CO O CM .-d 
1> CO CD 00 
CD CD (D CD 


D D LD LO lT) 
<D CD CD 00 CD 


D ID un D 
CD 00 CD 00 


CM H* vO 00 O 

tH '^•d* D 

<r) cn CO CO CO 


CM 'td vO CO 
LO D lT) D 
CD 00 00 00 


D LO D LO D 
00 CD CD CD CO 


lO D D iD 
00 CD CD CD 


O CO CM o 

* ^ CO i> vO CMJ 

v£) CO O tH CD 

{> r- CO 00 00 

CM CM CM CN CM 


CO rH CM 

CA CO 00 

rH D D Sd^ 

00 r- 1> o 

CM CM CM (N 


vd 00 I> LO vO 

D) O VD CA CD 

^ MD CA rH 

^ CD CD 00 

^ CM CM CM CM 


CA CM rH LO 
CM 00 rH 
CA vO -H CM 
CD CD CO CD 
CM CM CM CM 


CO rH \D CA 
D CM 00 rH 00 
tH CM CM 00 tH 

i> o r- o i> 

tH rH rH 1 — I tH 


00, vO-^ LO 

'H 00 D o 

rH tH rH 

o o r- t> 

tH rH rH tH 


f.O O <N -.Ji vD 

So333 


CO O CM 

lh in uT) 

6 0 0 0 


O O O O O 

00 00 CO 00 00 


OOOO 

n ro ro rO 


o o CM n 

CM CM CM 

o O o O O 

* • ft ft ft 

o O O'O o 

CD 00 00 CD CD 


00 O CM v-d 
CM 00 CD 00 
OOOO 

ft ft ft ft 

OOOO 
CO CD 00 CD 


VO CO O CM vjt 

CA CA o O O 

CA CA O O O 


O 00 O CM 
O O rH t — I 
OOOO 


CA CA o O O 
CM CM 00 00 ro 


OOOO 

00 OO 00 CD 


'Jote:- All counts were taken for -6o seconds 



T^BLE - 6 ; Estimation c£ lattice parameter of Titania doped ferrite using Nclson=Riley function 
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TABLE - 7 : Pycncmetic density values of ferrite ccmpositions 


Sample 

Measured 
density in 
qms/ml. 

Standard 

deviation 

Ni-Zn-f errite ( B ) 

5.2576 

0,04 5 5 

IT 

5,2909 

0.0553 

2T 

5.3372 

0.0608 

3T 

5.1450 

0.0153 

4T 

5.0270 

0.0451 

Ti02 

4 .0297 

0.0296 

IZ 

5.2064 

0,0513 . 

2Z 

5,1377 

0.0346 

3Z 

5 . 2636 

0.0170 

4Z 

5.2216 

0.04 09 

Zr02 

5.6911 

0.0503 

IN 

5.2284 

0.0351 

2N 

5.0770 

0.0231 

3N 

5.1103 

0,0574 

4N 

5.3372 

0.0608 

Nt=2°5 

4.6728 

0,0021 


TABLE - 8 : Table showing the variation of magnetic 

moment of Ni-Zn-f errite (base composition) 
with applied magnetic field at roan 
temperature* 


Applied field 
(K*Oe) 

Magnetic. 

Manent 

(emii )xio 

(emu/gmi ) 

0,5 

0*362 

32.04 

1.0 

0,595 

52*65 

1.5 

C.704 

6 2,30 

2.0 

0.752 

66,55 

2.5 

0.774 

68.49 

3.0 

0.788 

69,73 

3.5 

0.796 

70.44 

4 ,0 

0,802 

70,97 

4 .5 

0.806 

71.32 

5 ,0 

0.809 

71.59 

5.5 

0.812 • 

71,85 

6 .0 

0.814 

72.04 

6.5 

0.816 

72*21 


“k o 

Room Temperature = 25^7 C 
Mass of the sample = 0*1130 gm, 
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Fig. 1(a) Saturation mcment in Bohr magneton at 
9''^ f Mi-2n-»£errites 



Fig, 1(b) Saturation magnetisation per gm., &, as a 

function of temperature f or .Ni_ ^Zn^ ^Fe^o 
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Plot of lattice parameter,, a, versus Nelsori' 
Riley function, £(©). for Ni-Zn»f errite 
coupositions doped with Titanium 
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ig. 4 Plot o£ lattice parameter, a, versus Nelson' 

Riley function, f(©), for Ni-Zn-f errite 
compositions doped with Zirconium 



Riley function, f (©), for Ni-Zn-f errite 
compositions doped with Niobium 
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Plots of saturation magnetic mcment versus 
dopant content for Ni^ 5^620^ doped 

with Titanium 
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^ Fig. 10 Plots of saturation magnetic moment versus | 

dopatti content for NiQ^5ZnQ^^Fe20^ doped 
' with Zirconium and Niobium 
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f. 11 Plot of the ratio of the experimental 

magnetic moment to the theoretical value 
0'(E)/cr(T) for Ni-Zn-f errite versus 
Fe„/(Fe^ + Fe„), the numbers of Fe in B 
sites to the total Fe 
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23 24 

APPENDIX ' 


The position of diffraction lines in a diffraction pattern 
gives the diffraction angle '9' using which the interplaner 
spacing 'd' can be determined using Bragg's equation, 

X = 2d sin9 

On indexing the diffraction lines, the 'd' spacings, the 
(hkl) indices and the relation a = d(h +k +1 ) ^ , 
lattice parameter (a) can be determined. This simple procedure 
is applicable to only those structures which have orthogonal 
axes system or which can be converted to a structure with 
orthogonal axes hexagonal, trigonal or rhomhohedral ) . 

The error in diffraction angle lo a«.o 

i) systematic errors, which is dueto specific geometrical 
and physical reasons and is always in one direction, and 

ii) random errors, due to error in locating the exact position 
of a diffraction line which always has a certain width 

and gives both negative and positive deviations from the 
true diffraction angle. The lattice parameter is found to 
decrease with decreasing diffraction angle. 

On differentiating Bragg's law, we get, 

= - cot ©, A © 
d 

which indicates that — *• O as, Q -*■ 90° . Thus precise 

value of lattice parameter can be obtained by extrapolating 
the lattice parameter to © = 90° using a suitable extrapolation 


function 
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It is necessary especially for highly symmetric crystals 
like the cutoic crystals/ to use low angle reflections for 
extrapolation of lattice parameters. The fractional error 

in this case is given by 

2 2 

^ - K ) / where 'K' is the fractional 

sin'^e 

error constant. 

The extrapolation function is known as Nelson-Riley 
function. This extrapolation function is linear i.e. if 
lattice parameter for different refracted angles are plotted 
with the function, ^ ^ 

f(e) = 

sin 9 

the curve will be a straight line and the value of the 
lattice parameter corresponding to f(©) = O will be the most 

accurate • 

The randan error can be minimised by careful measure- 
ment of diffraction line positions and can be done by point 
count method. The scattering in the plotted data can be 
minimised by the method of least squares to determine the 
most probable value of the lattice parameter. 
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